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Markus Kamp, University of Ulm 
Further developments in continuous wave blue lasers and the ongoing search for improved substrates were 
among the main themes of the ‘Third International Conference on Nitride Semiconductors (ICNS-3)‘. Topics 
at the biennual conference, held in the beautiful French city of Montpellier from 5-9 July, covered a number 
of newer research areas as well, including a growing interest in silicon’s role in Ill-nitride optoelectronics. 
W 
ith more than 500 atten- 
dees, 389 contributors 
and 74 talks, not to men- 
tion 315 posters, 1c~s3 is almost 
certain to be the biggest meeting 
dedicated to GaN research during 
1999. Underlining the increasing 
commercial interest in the technol- 
ogy were the conference’s 49 
sponsors and an exhibition featur- 
ing 30 companies. 
With so many contributions al- 
most every topic related to GaN 
was addressed during the confer- 
ence. However, three main areas 
appeared to be of major impor- 
tance and interest throughout the 
whole conference, namely: 
spontaneous polarization and 
piezoelectric fields; 
the radiative recombination 
mechanism in InGaN/GaN 
quantum wells; 
the search for an improved sub- 
strate material. 
is worth highlighting some of 
the developments in these areas, 
before looking at some other top- 
ics covered in the conference. 
Polarization effects 
Most III-V nitrides have a wurtzite 
crystal structure with small devia- 
tions from the ideal configuration, 
caused by differences between the 
constituent N and Ga atoms. The 
lack of an inversion symmetry cen- 
tre makes group III-nitrides piezo- 
electric materials where strain can 
cause an electric field. If strained 
wurtzite materials are epitaxially 
grown on top of each other it is 
widely accepted that this causes 
piezoelectric fields. Lester 
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Eastman’s group at Cornell 
University (Ithaca, NY, USA) has 
demonstrated piezo-FETs, devices 
that rely solely on piezoelectric ef- 
fects for their operation without 
any intentional doping. 
Several papers at the confer- 
ence, however, examined the exis- 
tence of internal electric fields 
present even in the absence of 
strained layers. The small devia- 
tions from the ideal crystal struc- 
ture of wurtzite materials give rise 
to spontaneous polarization. This 
spontaneous polarization increases 
from InN to AlN, thus its impact as 
compared to piezoelectric effects 
is dependent on the material sys- 
tem and the strain, as was widely 
discussed (e.g. Bernardini et al., 
Ambacher et al.). Predictions have 
been made that the spontaneous 
emission dominates AlGaN/GaN 
heterostructures whereas in 
InGaN/GaN structures piezoelec- 
tric effects are more important. 
The current consensus, at least for 
FETs, is that spontaneous polariza- 
tion as well as piezoelectric effects 
play a role for devices in the 
AlGaN/GaN material system. 
With active regions consisting 
of InGaN/GaN, optoelectronic de- 
vices such as lasers and LEDs are 
subject to spontaneous polariza- 
tion and piezoelectricity, which 
could explain observations such as 
Stokes shifts. However, excitons lo- 
calized to In-fluctuations are also 
widely discussed as an explanation 
for many of these experimental ob- 
servations. In Montpellier many 
successful device oriented groups 
uttered their belief that radiative 
recombination in InGaN/GaN 
quantum well occurs via excitons 
localized by In-fluctuations. Kay 
Domen et al., Fujitsu Laboratories 
(Atsugi, Japan), for instance pre- 
sented spatially resolved photolu- 
minesence (PL) and catho- 
doluminesence (CL) data to sup- 
port their case and to discuss the 
influence of In-fluctuation on the 
performance of laser diodes. All of 
which indicates that the recombi- 
nation mechanism and the influ- 
ence of spontaneous polarization, 
as well as piezoelectric activity, is 
strongly dependent on the material 
quality and the employed growth 
parameters. 
Substrate search 
ICNS3 provided the latest instal- 
ment in the continuing search for a 
better and/or less expensive sub- 
strate material for III-nitride de- 
vices. Sapphire and 6H-Sic are still 
the most widely used, but selective 
growth techniques, such as epitaxi- 
ally laterally overgrown gallium 
(ELOG) and pendeo, are gaining in 
importance with increasing device 
performance. Hydride vapour 
phase epitaxy (HVPE) is being 
used to provide thick layers and/or 
freestanding GaN quasi-substrates 
on sapphire (Hiramatsu et al., Mie 
University, Japan) or thin GaN/SiC 
templates (Schwegler et al., 
University of Ulm, Germany). 
Another approach is to use LiGaO, 
as an initial substrate for an 
MOVPE/HVPE process for free- 
standing GaN films (Kryliouk et 
al. , University of Florida, 
Gainesville, USA), while multiple 
intermediate layers are proposed 
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Figure 1. EMCORE scientists have succeeded in growing LEDs on Si. 
10000 
2 
5 
1 
1 ‘L, RF @ 2 K 
0.3 p 
g 
H 
B 
8 
0.2 
3.44 3.46 3.48 3.50 3.52 
Energy (eV) 
Figure 2. GaN single bulk crystals still offer the best quality material for Ill-nitride growth. 
Kornitzer et al., at the University of U/m in Germany have produced material with linewidths 
as low as 95peV: 
by Amano et al. (Meijo University, 
Nagoya, Japan) to reduce threading 
dislocations. 
Silicon also showed signs of a 
revival in its optoelectronics for- 
tunes at ICNS-3, with several scien- 
tists highlighting the potential role 
of the material as a III-nitride sub- 
strate. Reports included selective 
growth on Si (111) by MOVPE (e.g. 
Kawaguchi et al., Nagoya 
University, Japan>, ELOG 
(Marchand et al., University of 
California-Santa Barbara, USA), 
HVPE (J.W.Lee et al., 
SungKyunKwan University, Suwon, 
Korea), and molecular beam epi- 
taxy (MBE) (e.g. Jimenez et al., 
Ciudad University; Semond et al., 
CNRS Valbonne, France). These dif- 
ferent epitaxial growth techniques 
face the common challenge of 
growing thick (several microns), 
crack-free layers on Si.The most no- 
table achievement so far has been 
the LEDs grown on Si substrates 
(see Figure 1) by C.A.Tran at EM- 
CORE (Somerset, NJ, USA). While 
this success has increased the in- 
terest in Si as a conductive and low 
cost substrate available in large di- 
ameter, the highest material quality 
is still observed on GaN single bulk 
crystals. Here, linewidths as low as 
95 ,ueV have been presented 
(Kornitter et al., University of Ulm, 
Germany). In the concluding re- 
marks of the conference, Bo 
Monemar (Linkoping University, 
Sweden) kindly referred to the ho- 
moepitaxial layers (revealing all 
three free excitons and their excit- 
ed states) as the first reasonable 
GaN layers (see Figure 2). 
Other developments 
The huge number of excellent con- 
tributions at ICNS-3 makes any ref- 
erence to particular contributions 
almost random. If there was a main 
message of the conference it was 
that GaN, despite still being an 
emerging technology, is gaining a 
certain maturity It is also worth 
noting that with many fundamental 
issues (e.g. material constants, re- 
combination mechanisms) still un- 
resolved, device reliability and 
other issues gained in importance 
compared with previous confer- 
ences. 
After an excellent and compre- 
hensive overview about markets 
and applications for GaN given by 
J.Y Duboz (Thomson CSE France), 
the outstanding Shuji Nakamura 
(Nichia Chemicals Inc, Tokushima, 
Japan) presented an overview on 
the current status of GaN-based 
lasers and LEDs.As far as state-of-the- 
art device results are concerned the 
group at Nichia is still leading the 
field, being the only one shipping 
continuous wave (CW) laser diodes 
(b400 nm, 5 mW output, jth-1-2 
kA.cm-*, lifetime- 10 000 hours). 
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The first technical session start- 
ed on a topic important to lasers 
and LED& the quality and proper- 
ties of InGaN/GaN quantum wells. 
One of the main issues within this 
field was the radiative recombina- 
tion mechanism, or localized exci- 
tons versus piezoelectric fields. 
The following session dealt 
with a subject readily available in 
GaN - defects. Contributions in- 
cluded investigations on the ori- 
gin, the characterization and the 
avoidance of defects, as well as the 
first theoretical attempts to evalu- 
ate the influence of threading dis- 
locations. Generally speaking, the 
role of dislocations becomes more 
and more obvious. They do limit 
device performance under certain 
conditions (Nakamura, Nichia) and 
they also generate defect states 
within the bandgap (Wright et al., 
Sandia National Laboratories, Albu- 
querque, NM, USA). 
The second day of the confer- 
ence started with a session on po- 
larization induced effects in 
wurtzite nitrides. Beside the piezo- 
electric effects, the idea that spon- 
taneous polarization is inherent in 
the nitrides (see above) is gaining 
more and more attention. One top- 
ic that saw several presentations 
50 
Ill-Vs Review l Vol.12 No. 5 1999 
was related to localized excitons, 
since low dimensional structures 
(quantum dots, etc.) have been in- 
vestigated by various methods and 
a number of scientists now believe 
that current lasers are already 
quantum dot devices. 
Optical spectroscopy, which 
can contribute to the ongoing dis- 
cussion on polarization versus lo- 
calization, was the next major 
topic, with talks ranging from ho- 
moepitaxial GaN to quantum well 
properties. 
The third day of the confer- 
ences was devoted to device is- 
sues, having one session on lasers 
and another on transistors. Given 
the recent improvements, most 
talks on laser diodes dealt with CW 
operation which still show very 
different lifetimes between the var- 
ious groups. Kuramoto et al. (NEC, 
Shiga, Japan) reported CW opera- 
tion of a laser grown on free stand- 
ing HVPE grown GaN substrates. 
FET contributions revealed in- 
creasing high power, high frequen- 
cy performance of the devices, 
such as a device offering total pow- 
er of 7.6 W at 33 % PAE and 6 GHz 
(Wu et al., Witec). L.Eastman 
(Cornell University) gave an inter- 
esting overview of the field, while 
other contributions dealt with sta- 
bility issues of the device and con- 
tacts. Within the same session 
J.L.Lee et al. (Pohang University, 
South Korea) reported a record 
low specific contact resistance 
(2.3 10m5 Qcm2) on p-GaN using an 
appropriate surface treatment. 
The increasing interest in 
mixed group V semiconductors 
(GaAsN, GaPN, etc.) was covered in 
the first session on Thursday, 
which also included theoretical 
work on GaN based semiconduc- 
tors.Two-dimensional electron gas- 
es were covered in the second 
session that, interestingly, was dom- 
inated by MBE. In this indium free 
electronic application MBE can 
match, or even exceed, the capabil- 
ities of MOVPE. Record LT mobili- 
ties of 50 000 cm2/Vs have been 
reported for MBE grown 2DEG 
structures (Heying et al., UCSB, see 
Figure 3). 
The last session on the Thursday 
covered a variety of topics, mainly 
large-scale production MOVPE and 
cubic GaN, which is dominated by 
MBE. Cubic GaN is gaining in inter- 
est with its improving material quali- 
ty LEDs from cubic GaN have been 
reported (As et al, University of 
Paderborn, Germany; Gamez- 
Cuatzin et al., CNRS, France) as well 
as optical gain from cubic InGaN 
(Hoist et al.,Technical University of 
Berlin, Germany). 
Selective growth and HVPE were 
dealt with in a separate session. One 
trend is to improve epitaxy on sap 
phire by selective growth and/or 
HVPE, while another is to evaluate 
other potential substrates. The fmal 
session of the conference had a sim- 
ilar topic; it covered new (quasi-) 
substrates and novel growth proce- 
dures intended to improve the epi- 
taxial quality of the layers. 
Three poster sessions, each con- 
taining about 100 posters where 
very well attended. Among the 
highlights was Abare’s (UCSB) pre- 
sentation of an electrically 
pumped DFB laser, where the SiN 
3rd order grating was used for 
ELOG (see Figure 4). 
ICNS-3 Report 
Pulsed I= 1.25 I * 
-50 
g -55 
s 
.O -60 
2 
3 -6.5 
9 
-70 
-75 
411 412 413 414 415 
Wavelength (ml) 
Figure 4. UCSB has developed an 
electrically pumped DFB laser, where the 
SiN 3rdorder grating is used for ELOG. 
Other sessions 
ICNS-3 included a round table dis- 
cussion on the markets for GaN 
based devices, with scientists from 
the leading device companies pro- 
viding an insight to their under- 
standing of markets, impacts and 
challenges for the industry. The 
global alliances formed by LED 
companies, such as Siemens, EM- 
CORE and HP with lighting compa- 
nies, such as Osram, General 
Electrics and Philips, where dis- 
cussed. VHHrle (Osram OS) made 
the widely acknowledged point 
that to Osram the main competi- 
tors remain incandescent lamps 
rather than other LED manufactur- 
ers. At about 50 cents/lumen the 
cost of white LEDs is still signiti- 
cantly higher than for conventional 
light bulbs (0.05 cent/lumen). Even 
the advantageous lifetimes of LEDs 
(2 100 000 hours) is of limited 
practical use for customers since 
the equipment into which the de- 
vices are installed generally have a 
significantly lower lifetime. 
During the conference Prof. 
Isamu Akasaki (Meijo University) 
was honoured for his numerous 
and outstanding contributions to 
the field of GaN-based semicon- 
ductors. Later this year, he will re- 
ceive an honorary professorship of 
the University of Montpellier. 
During the conference dinner, 
Shuji Nakamura was awarded the 
Springer Verlag Prize for his book 
on GaN-based LEDs and lasers. 
With the success of ICNS-3, all 
eyes will now be on the sequel, 
ICNS4, to be held in Denver, CO, 
USA. Prof. Jacques Pankove 
(University of Colardo) will chair 
the conference, which will proba- 
bly be in July 2001. By that time 
the market for GaN-based devices 
is expected to have increased a fur- 
ther 75%, to a total of around 
US$500 million per year. 
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